Two cDNA clones for jasmonic acid (JA)-responsive genes, RRJ1 and RRJ2, were isolated by diŠerential screening from suspension-cultured rice cells treated with JA for 2 h. The putative RRJ1 protein is completely identical to that of a putative rice cystathionine glyase, while the putative RRJ2 protein is highly similar in sequence to a rice pyruvate decarboxylase, PDC1.
It was reported that in suspension-cultured rice (Oryza sativa L. cv. BL-1) cells, jasmonic acid (JA) functions as a signal transducer in the elicitor ( Nacetylchitoheptaose)-induced phytoalexin production. 1) To obtain information on the signal transduction pathway of JA, we have tried to isolate cDNAs for JA-responsive genes. By a diŠerential screening of a cDNA library constructed using poly(A) + RNA from the suspension-cultured rice cells treated with JA for 2 h, three cDNA clones for JA-responsive genes designated RRJ1, 2, and 4 that responded to exogenous JA by increase in the levels of their mRNAs were isolated. We herein report the details of cloning and characterization of cDNAs for RRJ1 and RRJ2. Cloning and characterization of a cDNA for RRJ4 will be reported elsewhere.
Cloning of cDNAs for RRJ1 and RRJ2. Calli of Oryza sativa L. cv. BL-1, which were kindly supplied by Mr. Masahiro Kobayashi of the Chugai Pharmaceutical Company, were maintained on gerangum (0.3z) plates containing N6 medium with 2,4-dichlorophenoxyacetic acid (2,4-D; 1 mg liter "1 ) as described previously. 1) For suspension cultures, approximately 10-ml portions of the calli were transferred to 500-ml Erlenmeyer ‰asks containing 150 ml each of N6 medium with 2,4-D (1 mg liter "1 ), and cultured on a rotary shaker (120 rpm) at 259 C in the dark. The suspension-cultured cells were collected every 2 weeks andˆltered through a 20-meshˆlter to giveˆne aggregates. At the time of each collection, a 10-ml portion of the resultant cells was transferred to a new 500-ml Erlenmeyer ‰ask containing 150 ml of the above medium and cultured further as described above. The cells were collected 6 d after the transfer to the fresh medium and used for diŠerential screening. To prepare RNA for construction of a cDNA library, approximately 5 g of fresh cells were suspended in 60 ml of the fresh medium supplemented with 10 "4 M racemic JA (Wako Pure Chemical Industries, Osaka, Japan) in a 200-ml Erlenmeyer ‰ask, and incubated on a rotary shaker (120 rpm) at 259 C in the dark for 2 h. The resultant rice cells [JA(+) cells] were collected byˆltration and frozen in liquid nitrogen immediately after collection. The control rice cells [JA(") cells] were prepared by a similar procedure but from a culture without JA. Total RNA was extracted from the frozen cells by the SDSphenol method and poly(A) + RNA was prepared using a Dynabeads mRNA puriˆcation kit (Dynal A. S., Oslo, Norway) in accordance with the supplier's instructions. A cDNA library was constructed using the lZAPII vector (Stratagene) and the poly(A) + RNA that had been isolated from JA(+) cells. The cDNA clones cRRJ1 and cRRJ2 were isolated from the library by diŠerential screening through plaque hybridization of duplicateˆlters with 32 P-labeledˆrst strand cDNAs from JA(+) cells and JA(") cells as described by Toyomasu et al.
2) The cDNA inserts were subcloned into a pBluescript SK Racemic JA was added at aˆnal concentration of 10 "4 M to a suspension culture of rice cells and RNA was extracted at diŠer-ent times. In each lane 10 mg of total RNAä was put on and separated by gel electrophoresis. After transfer to Hybond-N nylon membranes, the RNA was probed with 32 P-labelled cRRJ1 or cRRJ2 insert. Hybridization of the rRNA with 32 P-labelled rDNA was used to conˆrm equality of amounts.
vector and were further characterized by Northern blotting and nucleotide sequencing analysis.
Northern blot analysis of RRJ1 and RRJ2. Approximately 0.26 g each of fresh cells was transferred to 100-ml Erlenmeyer ‰asks containing 30 ml each of the culture medium and cultured on a rotary shaker (120 rpm) at 259 C in the dark for 3 days. To the cell suspension, racemic JA was added at aˆnal concentration of 10 "4 M, and the resultant cell suspension was incubated under the same conditions. The cell suspension was harvested 1 W 4, 1 W 2, 1, 2, 3, 4 , and 6 h after the addition of JA. The resultant rice cells collected byˆltration were frozen in liquid nitrogen immediately after collection. Total RNA was isolated from the frozen cells by the SDS-phenol method. Ten mg of total RNA was denatured using glyoxal and dimethyl sulfoxide (DMSO) 3) and electrophoresed in a 1.4z agarose gel. The RNA was transferred onto a nylon membraneˆlter using a standard blotting technique, 3) and hybridized with 32 P-labeled cDNA fragments.
As shown in Fig. 1 , RRJ1 mRNA began to accumulate 1 W 2-1 h after the addition of JA, atteined a high level after 2-3 h, and then decreased. On the other hand, RRJ2 mRNA attained a high level after 2-4 h after the addition of JA, and then decreased.
Nucleotide and deduced amino acid sequences of cRRJ1 and cRRJ2 inserts. Series of deletion mutants of cRRJ1 and cRRJ2 inserts in pBluescript SK " were prepared using a Kilo-Sequence Deletion Kit (Takara Shuzo Co., Otsu, Japan) according to the supplier's instructions. The nucleotide sequences were analyzed using a PRISM Ready Reaction Terminator Cycle Sequencing Kit (Perkin Elmer) with a DNA sequencer (model 373A; Perkin Elmer). Nucleotide sequences and amino acid sequences were analyzed with the DNASIS-MAC v3.7 (Hitachi Software Engineering). The nucleotide sequence data reported in this paper will appear in the GSDB, DDBJ, EMBL, and NCBI nucleotide sequence databases with the accession numbers AB040741 (RRJ1) and AB040742 (RRJ2).
The cRRJ1 insert consists of 1,330 bp with an 1,011-bp open reading frame which encodes a putative protein (RRJ1) of 337 amino acid residues. Analysis of RRJ1 sequence was done using the GenBank CDS translations, PDB, SwissProt, and PIR databases. The deduced amino acid sequence of RRJ1 is identical to that of a putative rice cystathionine glyase (accession number: AC025296), although it obviously lacks its N-teminal 127 amino acid residues. The putative protein encoded by RRJ1 shows similarity to L-methionine g-lyase in Pseudomonas putida (accession number: D88554, 28.2z identity), cystathionine g-lyase in rat (accession number: AY032875, 20.5z identity), and cystathionine b-synthase in E. coli (accession number: WZECCB, 13.6z identity), which are the enzymes that require pyridoxal 5?-phosphate (PLP) as a co-factor. The putative RRJ1 protein contains a conserved lysine residue that is involved in binding to PLP in those PLP enzymes. 4) Also, a cDNA fragment corresponding to a part of RRJ1 is registered as an EST clone (accession No. AT003692) from rice leaves infected with Magnaporthe grisea. These facts might suggest that RRJ1 plays important roles in plant defense responses by regulating biosynthesis and W or metabolism of sulfurcontaining amino acids and related biochemical processes, although the main physiological roles of RRJ1 in the JA signaling cascade in the rice cells remains to be clariˆed.
The cRRJ2 insert consists of 2,233 bp with a 1,815-bp open reading frame separated by a 123-bp intervening sequence near 3? end (location: 1,701-1,823) that encodes a putative protein (RRJ2) of 605 amino acids. From O. sativa L. IR54 (Indicatype rice), three diŠerent genes encoding pyruvate decarboxylases, termed pdc1, pdc2, and pdc3 (accession numbers: U26660, U27350, and U07338, respectively), were isolated. 5) RRJ2 has amino acid identity of 98, 76, and 80z to PDC1, PDC2, and PDC3, respectively. Sequencing analysis of genomic clones containing pdc1, pdc2, and pdc3 showed that pdc1 and pdc2 carryˆve introns and pdc3 has no intron. The intervening sequence of 123 bp found in the cRRJ2 insert is very similar toˆfth intron (124 bp) of pdc1 (83z), while it shows decreased identity (50z) to that of pdc2 (109 bp). We therefore assume that cRRJ2 carries a gene corresponding to pdc1, although the RRJ2 mRNA is still premature in the present form because the putativeˆfth intron is not yet processed. Since PDCs are key enzymes to produce energy by alcoholic fermentation under anaerobic conditions, 6) JA might be involved in energy metabolism for elicitor-induced defense reac-tions in suspension-cultured rice cells through induction of RRJ2 expression.
On the other hand, pdc1 was reported to be highly inducible under anaerobic conditions when compared to the other pdc genes. 5) JA might function as a signal transducer of not only elicitors and wounding 7) but anaerobic stress, considering that RRJ2, corresponding to pdc1, has been shown to be JA-inducible in this study.
